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1) The Hill

Horse Head Moor and Birks Fell lie in Section 35B of “The Relative Hills of Britain”(RHB) by Alan Dawson. The hill is a long flat ridge that runs for several kilometres first in a South East to North West direction. There are two trig points on this section at either end of the ridge. The ridge continues further turning West then South West to finish at a third trig point, but that part of the hill was not of interest for this survey.
Even the latest versions of 1:50000 OS maps give the highest point of 610m at SD918763. However, in update (1999) to RHB the highest point was moved to SD893768 at a height of 609m and the previous summit downgraded to 608m, although this spot height is at a slightly different grid reference to the 610m spot height. Alan Dawson in his 2006 update adds more about this hill as the debate on the position of the true summit position has continued. Alan writes “ Some walkers maintain that the highest point of Birks Fell is still the summit listed in RHB at 610m, but the Ordnance Survey have confirmed 608m as the highest recorded point on the metric contour document” 
2) Equipment used and method
Positions were recorded using Garmin hand held GPS systems. Readings were taken in duplicate on Etrex and Venture models. The instruments were allowed to “stabilise” for several minutes, mostly more than 10, before any readings were taken.
All grid refs are recorded to 10 figures but we acknowledge that the 5th figure in each direction is probably meaningless. Also we do not trust GPS height measurements as an accurate measure and do not use these as the basis of any of our conclusions.

The main surveying was done using a Leica Runner 20 Automatic level (X20 telescopic system)/tripod system with a 5m extendable staff used when appropriate.

A number of height differences had to be estimated using the horizontal instrument stadia lines. Our method was generally to take readings independently and compare our conclusions. Duplicate readings in these cases were always taken.
Measurements were carried out from A to B and B to A to eliminate any systematic errors.

Relative heights were double checked using two Abney levels. These are nowhere near as accurate as the Leica since the telescope systems have no magnification, but were used to confirm the consistency of the main readings.

3) Approach to the problem
Our primary objective for the day was to locate the highest point. Since the distances for surveying on this hill were large we were doubtful about obtaining accurate measurements of height differences. However, we hoped to be able to make some quantitative estimates with a judgement on the accuracy and range of the results.
We started at the north west of the hill using the track that went up to the ridge from Halton Gill. The plan was to go straight to SD893768 and survey back to the trig point (605m) at SD887779. If all ground in this direction was lower, then we would survey south east to the “summit” at SD918763. Having walked to the latter point, we would confirm that there was no higher ground south east to the other trig point located at SD926748.
Steps would then be retraced and further confirmatory measurements would be taken as appropriate.

4) The Survey
4.1)  SD893768 to the trig point at SD887779.

At the high point on the south side of the dry stone wall there is a large cairn with a pole sticking out of the top. (The top of the pole was used subsequently as a useful optical sight and we measured this to be 210cm from the base of the cairn). The GPS gave this point as SD 89384 76832, height 609m reported position accuracy of 6m.  This point corresponds to the position of the 609m spot height marked on the 1:50,000 map. We set up the Leica system here to start the survey. The trig point could be seen clearly, and all ground in this direction was lower than the set up point. (Confirmed with the Abney Levels).

On the other side of the wall, there was another high point with a much smaller cairn (50cm high) 130m distant.  With the Leica set up by the large cairn and the staff at the small cairn we measured the base of this small cairn to be 35cm HIGHER.
The Leica system was then set up next to this small cairn. The GPS gave this point as SD 89441 76950, height 609m and recorded position accuracy of 5m. Using the staff held at the first large cairn, again the smaller cairn position was confirmed to be 35cm higher. A scan of all the nearby ground confirmed no other higher points.
4.2) SD894769 to SD918763 – the central part of the ridge.

With the Leica still set up at the small cairn, although some 2.5km away, we were able to see the cairn at SD918763 quite clearly and higher than our set up position. A scan of the horizon showed no other points to be higher than this and certainly there were no higher points in between. Although we were confident from this measurement that the point in the distance was higher, we did not have any basis to make a quantitative estimate of the height difference.
The Leica was next set up at SD90611 76383 on a high point of Moss Top roughly at the mid point between the two summit contenders both of which could be seen very clearly. The advantage now was that we had information to make a quantitative judgement on the height difference between the two contenders, namely SD894769 and SD918763. (This is where the pole sticking out of the cairn at SD893768 to a height of 2.1m from the base enabled a height datum to be used). Using the three horizontal lines in the telescope (the Stadia lines for range finding and height measurements) we were able to confirm that SD918763 was the higher point and estimate the difference to be between 1.3 and 1.5m.

To complete the central section we set up next to what we now showed to be the true summit. This is marked with a broad mound overlaid with stones which appears to be man-made.  A stone cairn stands by the mound.  The GPS gave its position as SD 91878 76369, height 609m positional accuracy 5m. The cairns at SD893768 and SD894769 were both visible and the pole sticking out of the top of the first one was only just discernable. Again having previously measured the heights of the actual cairns we were able to estimate that we were approximately 1.5 to 2m higher.

For the survey of the central section we had used 3 points to set up for our observations. Qualitatively all the observations were in agreement as to the highest point. Also our estimates of the height difference measured from different points were also consistent.

4.3) SD918763 to the trig point at SD926748
A scan in this direction with the Leica showed all ground to be lower.
4.4) Measurements relative to the trig points
I understand from the Ordnance Survey that the measured heights of trig points are more accurate than spot heights or contours. Therefore, to complete the survey we decided to measure the height of point SD918763 relative to the trig point at SD926748 and after returning to the other end of the ridge, the height of SD894769 relative to the trig point at SD887779.

The Leica was set up on its tripod on lower ground a short way from the cairn at SD918763 so that the instrument was exactly level with the base of the cairn. Using the stadia lines as references, we were able to estimate that the base of the trig point was “3 trig point heights” lower. While we both agreed on this estimate, we acknowledge a possible estimation error of half a trig point. We walked to the trig point and measured its height as 1.22m with a rule. Therefore, if the trig point altitude is correct at 607m, then the height of the highest point on the hill is 607 + (3 times 1.22) =  610.7+/- 0.3m.
Exactly the same procedure was used at the other end of the ridge. Here we estimated that the base of trig point at SD887779 was 3.5 to 4 times the height of the trig point lower than the point at SD894769, that is a height difference of 4.2 to 4.8m. (The height of this trig point was also checked with a rule). Assuming the mid point at 4.5m and the height of the base of the trig at 605m, then this puts the height of the base of the cairn at SD894769 to be 609.5+/-0.3m.
These indirect measurements put the old summit point at SD918763 1.2m higher than SD894769 at 610.7+/-0.4m.  This is in good agreement with the 1.3 - 1.5m height difference (giving 610.7m – 610.9m for the height of SD918673) we have measured by the more accurate direct measurement from Moss Top, and it once again confirms the qualitative result for the highest point on this hill.  
GPS gave the position of the trig point as SD 88717 77977, height 615m and recorded positional accuracy of 6m.  Here is a good example showing the unreliability of accurate GPS height measurements, the two GPS instruments used both recording a “systematic error” of about 10 metres from the height of 605m. Up till this point all the height measurements were within a metre of those recorded on the map.

5) Discussion of Errors

Before summarising the conclusions of this survey, the possible errors in this survey are considered with the steps we have taken to try to eliminate them.

5.1) Gross Errors/Misreadings

We are confident that these types of errors have not occurred. Readings were double-checked by each of us and the measurements taken give a consistent picture. No particular measurement ever stood out as anomaly.

5.2) Instrumental Errors

The calibration of the Leica instrument according to the manufacturer’s instructions had been carried out before the survey. If one assumes that there was an “in-built” systematic error due to mis-alignment of the telescope with the horizontal when the instrument had been set up correctly on its tripod, then this sort of error has been eliminated by the standard surveying practice of measuring A to B and then B to A. If  at A, A is observed to be higher than B and at B, A is still observed to be higher than B, then the conclusion that A is higher than B must hold.

The technique we used of surveying the contenders for the summit position at a point on Moss Top roughly at the mid point also eliminates this sort of error.

5.3) Earth Curvature.

Since the earth is a “sphere”, heights of objects on the earth surface will appear lower than they really are.  However the effect is very small for short distances, up to 500m distance it is less than 2cm. The general formula for the height correction is given by  “Correction = distance to object x distance to object/12756” (12756km is the diameter of the earth). So at distances of 1.5, 2 and 2.5km, the corrections are 0.17, 0.31 and 0.49metres respectively. The techniques we used as described in 5.2) would also eliminate these errors.

5.4) Light Refraction.

The problem of light being refracted (bent) by variations in air properties is a common problem for surveyors. The effect can be important, particularly when measurements are made over long distances. More importantly, because they are difficult to measure they remain a bit of an unknown. However, the process works in the opposite direction to the effect of the earth’s curvature. Formulae for correcting for the combined effect of refraction and curvature can be found in texts and an established “rule of thumb”  is “C = (4/7)xSxS” where S is the distance to the object in miles and C is the correction in feet. At 1.5,2 and 2.5km, the corrections become 0.13, 0.27 and 0.42metres respectively. However, atmospheric conditions can occur that make these errors considerably larger. With the precautions taken, it is difficult to believe that the cumulative potential errors highlighted could alter the qualitative decision for what is the highest point of the hill by 1.3 to 1.5m.
In this survey we base our results on the key measurements of the two contenders from Moss Top. Since this was roughly the mid point between the two “contenders”, the refraction effects should cancel out although it is not possible to be categorical about this. Advice on surveying techniques recommend that the best time of the day when the effects of refraction are least is between 12.00 and 15.00hrs, the period when these key measurements were taken. 
6) Conclusions
The highest point at the North West end of the ridge is located at SD 89441 76950, on the north side of the wall, and is marked by a cairn 50cm high.
The base of the larger cairn located 130m away on the other side of the wall at SD 89384 76832 is 35 (+/-5) cm lower. If this were the summit as in RHB revisions, then the Grid reference would have to be moved to the point with the smaller cairn. 

The highest point on the hill is at SD 91878 76369 and is marked by a broad cairn. This is 1.3 -1.5 metres higher than the point at SD 89441 76950.
Independent measurements of the heights taken of the two contending points from the nearest trig points confirm that SD 91878 76369 is still the highest point but the measured difference was 1.2m. However, the accuracy of this approach would not be as good as the direct measurements.

We believe that errors have been eliminated that would change the conclusion on which is the highest point. The unknown remains diffraction caused by atmospheric conditions, but we believe we have taken steps to minimise their effects on the measurements.
Our best estimate of the absolute height of the summit is 610.7m – 610.9m

If you think GPS always gives accurate measurements of heights on which conclusions can be based – forget it! At the 605m trig point the GPS machines both recorded 10m higher.

J Barnard and Graham Jackson, 7 June 2006. 
